The sequences of the gene encoding VP7 (the major outer capsid protein) from one bovine and three human rotavirus strains were determined because of their unusual VP7 speeificities. Two of the human strains (PA 169 and PA 151) had VP7 serotype 6 specificity whereas the two other strains, recovered from a child (HAL 1166) and a calf (678) belonged to VP7 serotype 8. The serotype 8 strains exhibited a high degree of sequence conservation when compared with each other and with other serotype 8 strains previously sequenced. The serotype 6 human strains shared a greater degree of sequence similarity with previously reported serotype 6 bovine strains than with other rotavirus serotypes; however the degree of sequence similarity among PA 169, PA 151 and the bovine strains was lower than had been previously reported for strains belonging to the same serotype. The demonstration ofrotavirus serotypes that are shared between human and animal species supports the concept that interspecies transmission occurs and may play a role in rotavirus evolution.
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Several trials of rotavirus vaccine candidates have established the need for the development of polyvalent vaccines representing the four common human rotavirus VP7 (G) serotypes (1, 2, 3 and 4) (Flores et al., 1990) . If other epidemiologically important rotavirus serotypes were to be commonly isolated from humans they would also be considered for inclusion in a vaccine. Thus far, nine of the 14 rotavirus G serotypes identified, serotypes 1, 2, 3, 4, 6, 8, 9 , 10 and 12, have been recovered from humans. Serotypes 6 and 10, which until recently had been isolated only from calves, have now been associated with diarrhoea in human infants (Gerna et al., 1992; Beards et al., 1992) , whereas serotype 8, initially recovered from humans, has now been detected in cattle (Snodgrass et al., 1990; Taniguchi et al., 1991) .
We have sequenced the VP7 genes of two serotype 6 rotavirus strains, PA 151 and PA 169, isolated from children with diarrhoea in Italy, and two serotype 8 rotavirus strains, HAL 1166 (isolated from a child with diarrhoea in Finland by P. Halonen) and 678 (isolated from a calf with diarrhoea in the United Kingdom by D. Snodgrass). PA 151 and PA 169 could not be serotyped using monoclonal antibodies (MAbs) against
The VP7 gene sequence data reported in this paper appear in the GenBank sequence database under the accession numbers L20880 (strain PA 169), L20881 (strain PA 151), L20882 (strain HAL 1166) and L20883 (strain 678).
human serotypes 1 to 4, 8 or 9, but did react with a MAb derived using the VP7 serotype 6 bovine strain UK and were neutralized by hyperimmune serum against strain UK (Gerna et al., 1992) . HAL 1166 reacted with a serotype 8 VP7 MAb derived from the human strain 69M (Gerna et al., 1990) . Strain 678 was recognized as a VP7 serotype 8 by cross-neutralization assays with strain 69M (Snodgrass et al., 1990) .
The viruses were grown in MA104 cell flasks, concentrated by ultracentrifugation and purified by ultracentrifugation through a CsC1 gradient. Singleshelled particles were used for in vitro transcription of ssRNA and for extraction of dsRNA as described previously (Flores et al., 1982) .
Transcript ssRNAs from strains PA 169, PA 151, HAL 1166 and 678 were sequenced by the dideoxynucleotide method as described by Air (1979) using oligonucleotide primers (16-to 25-mers) complementary to the + strand of the VP7 gene; the 3" end sequence of the VP7 gene was determined from dsRNA by using a 'reverse' DNA primer corresponding to nucleotides 950 to 970 of the + strand. A mixture of RNA and primer was boiled for 3 min, chilled on ice and divided equally into four reactions containing 5 [.tM of the appropriate dideoxynucleotide, 50 ~tM-dCTP, dGTP and dTTP, 3 taM-dATP (including 2-5 ~tCi of [32p]dATP) and 10 U of avian myeloblastosis virus reverse transcriptase (Life Sciences). Primer extension was carried out for 20 min at 42 °C. The samples were then electrophoresed in 6% poly- Fig. 1 (a and b) .
Comparisons of the VP7 sequences with those of other rotaviruses are presented in Table 1 . Strains PA 169 and PA 151 share 83% nucleotide sequence identity suggesting that the two viruses evolved from somewhat distant sources; however they have 93% amino acid identity. The VP7 sequences of PA 169 and PA 151 are closer to that of strain NCDV (85 % nucleotide sequence conservation), than to strains belonging to serotypes 1 to 5 and 8 to 14 (74 to 79% nucleotide sequence conservation). The amino acid sequence identity of PA 169 and PA 151 ranged from 90 to 94%, with three bovine strains previously reported (NCDV, UK and RF), to 76 and 77 %, respectively, when compared with serotype 2 strain DS1. Although PA 151 and PA 169 were more closely related to the serotype 6 bovine strains than to strains belonging to other serotypes, previous comparisons of rotaviruses sharing the same serotype had generally detected greater degrees of amino acid sequence identity. For instance, the serotype 6 bovine NCDV strain shares 97 and 98 % of its amino acid sequence with strains UK and RF, respectively (Elleman et al., 1983; Charpilienne et al., 1986); likewise, only 1% amino acid sequence difference was detected among three serotype 2 strains isolated over a span of 5 years in three geographically distant areas, and a similarly high degree of conservation was detected among human serotype 1 strains (Green et al., 1987) . On the other hand, and in concordance with our findings, up to 15 % amino acid sequence divergence among serotype 3 rotavirus strains from different animal species was observed by Nishikawa et al. (1989) .
In contrast, the serotype 8 strains HAL 1166 and 678 shared a greater degree of sequence identity (94 and 98 % for nucleotide and amino acid sequences, respectively) and with serotype 8 strains 69M, B37 and A5 (95 to 98 % amino acid sequence identity); their degree of identity with strains belonging to other serotypes ranged from 71 to 77% (nucleotide sequence) and from 75 to 84% (amino acid sequence). (1987); bGorziglia et al. (1986); eGlass et al. (1985); aElleman et al. (1983); eCharpilienne et al. (1986); rGreen et al. (1989); gHum et al. (1989); hTaniguchi et al. (1991); iXu et al. (1991); JRuiz et al. (1988); kTaniguchi et al. (1990); mBrowning et al. (1991b). are highly divergent between different rotavirus serotypes have been identified as neutralization sites by mapping using MAbs (Dyall-Smith et al., 1986; Mackow et al., 1988; Taniguchi et al., 1988; Coulson & Kirkwood, 1991; Kobayashi et al., 1991) . Comparisons of the strains reported here revealed a high degree of conservation in region C (amino acids 211 to 212 and 214 to 221) between the serotype 8 strains examined and the serotype 3 strain P. This similarity has also been found with the serotype 11 strain YM and the serotype 13 strain L338, and suggests that serotypes 8, 11 and 13 may have evolved from serotype 3 rotaviruses. Examination of the same region in serotype 6 strains PA 151 and PA 169 revealed that two of the four amino acids in the region to which neutralizing MAbs have been mapped (amino acids Asp-211 and Ala-221) are conserved in PA 151 and serotype 3 strain P but differ in NCDV. In addition, region B amino acids 145, 147 and 148 are conserved in PA 169 and strain P, and two of them (147 and 148) are conserved between PA 151 and P, and are different from the corresponding amino acids in NCDV. Onthe other hand, antigenic region A (i.e. amino acids 87 to 101) is conserved among PA 151, PA 169 and NCDV and differs from that of strain P. Thus, despite the similarities noted in regions B and C between PA 169 and P strains the two viruses behave as different serotypes. This suggests that the antigenic domains in VP7, which are dependent on the three-dimensional structure which is also responsible for the proximity of the A and C regions (Mackow et al., 1988) , can be altered by minor changes in only one of these regions resulting in serotypic differences. It is possible that intertypic (prime) strains resembling more than one serotype in these regions may be detected in the future and that the rotaviruses may be represented by a serotypic continuum rather than by discrete serotypes. Further studies of strains sharing the same serotype are required to examine this possibility.
